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Generation of Electrospray From a Solution
Predeposited on Optical Fibers Coiled With a
Platinum Wire
Chih-Pin Kuo, Cheng-Hui Yuan, and Jentaie Shiea
Department of Chemistry, National Sun Yat-Sen University, Kaohsiung 804, Taiwan
This study examines the feasibility of generating electrospray directly from the tip of two
optical fibers bound together with Teflon tape. This approach does not require a capillary and
syringe pump. The electrospray source is simply constructed by coiling the two optical fibers
with a platinum (Pt) wire. The optical fibers extend beyond the Pt coil for approximately 1 cm.
The sample solution is predeposited on the Pt coil by a micropipette. As the high voltage
required for electrospray is applied to the coil, the sample solution moves along the grooves
between the two optical fibers. A stable electrospray is subsequently generated at the tip of the
fibers. The mass spectra of insulin, lysozyme, and ubiquitin are exactly the same as those
obtained by conventional electrospray using a capillary and syringe pump. Rapid determina-
tion of the active ingredient in a tablet by this technique is demonstrated. (J Am Soc Mass
Spectrom 2000, 11, 464–467) © 2000 American Society for Mass Spectrometry
The direct inlet probe used in mass spectrometry isadvantageous in that analysis is completed in arelatively short time [1]. The technique is conven-
tionally applied to rapidly characterize components in
purified samples, including individual eluent fractions
collected from thin-layer liquid chromatography (TLC)
and high performance liquid chromatography (HPLC)
or synthetic products which are normally quite pure,
making further chromatographic separation unneces-
sary [1]. Direct inlet probes have been developed for
electron impact (EI), chemical ionization (CI), and other
desorption ionization techniques such as plasma de-
sorption (PD), fast atom bombardment (FAB), second-
ary ion mass spectrometry (SIMS), and matrix-assisted
laser desorption ionization (MALDI) [2–7]. Although
electrospray ionization (ESI) has been extensively ap-
plied to the analysis of large and small molecules, to our
knowledge, no direct inlet probe for electrospray has
been developed [8, 9].
Our recent work demonstrated that ES can be gen-
erated simply by applying a high voltage to a small
copper ring with approximately 1 mL of the sample
solution predeposited on the copper ring [10]. The mass
spectra of the proteins obtained by this direct electros-
pray probe (DEP) are exactly the same as those obtained
by conventional electrospray using a capillary and
syringe pump. However, difficulty is occasionally en-
countered for properly applying an aqueous solution to
the small copper ring, particularly when copper carbon-
ate contaminates the surface. The copper carbonate is
easily formed when the probe is exposed in moist air
[11]. In light of this problem, this study presents a novel
electrospray probe capable of easily accommodating the
sample solution and generating stable electrospray.
Inert materials including optical fibers and Pt wire are
used to construct the probe. The electrospray mass
spectra of biological compounds including insulin, ly-
sozyme, and ubiquitin obtained with this DEP/MS are
presented. The active ingredient in a commercial tablet
is also rapidly determined by this technique.
Experimental
All chemicals used in this study were purchased from
Sigma or Aldrich and used without further purification.
Figure 1 shows the DEP. The DEP consists of two
parallel optical fibers (125 mm diameter and 5 cm long)
wrapped with a Pt coil for 20 turns. The diameter of the
Pt wire is 100 mm. The optical fibers were obtained from
commercial jelly-filled nonmetallic optical fiber cable
designed for indoor and outdoor underground duct
installations (Cwall48 TB, Sun Telecommun. Co., Tai-
wan). The plastic film surrounding the optical fiber was
removed by dipping the fiber in acetone for 5 min.
Microscopic observation reveals that after removing the
plastic film, the surface of the fibers (i.e., cladding layer)
remains smooth (refer to the inset in Figure 1). The two
optical fibers were then bound together by Teflon tape.
The Pt wire was coiled on the optical fibers and the
Teflon tape. 2 to 5 mL of the sample solution was
deposited on the Pt coil with a micropipette. The high
voltage required for electrospray was introduced with
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an alligator clip. The clip was connected to a high
voltage power supply (Glassman, EH10R10). The DEP
was mounted on an Acrylic plate held on an XYZ-
translation stage. The tip of the optical fibers was
located approximately 1–2 cm in front of the ion sam-
pling orifice of a single quadrupole mass spectrometer
(PE Sciex API 1). To clean the residue on the probe, the
optical fibers together with the Pt coil were sonicated in
methanol for 2 min.
As high voltage (3800 V) was applied to the Pt coil, a
stable electrospray was observed at the tip of the two
fibers. The low magnification photographs in Figure 1
display a Taylor cone and a fine electrospray on the tip
of the optical fibers. The electrospray on the optical
fibers was roughly coaxial with the entrance of the ion
sampling orifice of the analyzer. The temperature of the
interface chamber in the mass spectrometer was main-
tained constant at 55 6 1 °C. The mass scan rate was
about 2 s/scan. 10 scans were recorded and averaged to
give the presented mass spectra.
Results and Discussion
In our previous studies, a copper wire was used to
construct the DEP [10]. It was found that the moisture
and the acidic sample solution would easily corrode the
surface of the copper wire. A green basic copper car-
bonate formed a tough adherent coating on the surface
of the copper wire, making it difficult to apply and hold
the sample solution on the DEP. In addition, copper ion
was detected from the electrospray using an aged
copper DEP contaminated with copper carbonate on the
surface. To solve this problem, inert Pt wire was used to
construct the coil. The Pt wire functions as a sample
solution reservoir and also as an electrode. Because the
Pt coil has a larger surface area than a single copper
ring, more sample solution can be held on it. In this
study, approximately 2 to 5 mL of the sample solution
was always applied on the Pt coil. Because the sample
solution applied on the DEP is exposed to air, part of
the solution will be lost by evaporation, especially when
the solution is moving to the tip of the fibers. Therefore,
the exact electrospray rate is difficult to calculate par-
ticularly for the solution containing volatile organic
solvents. Our results indicated that the ion signal lasts
for approximately 2 min for 2 mL of aqueous solution
containing 50% methanol. Assuming that all methanol
in the sample solution is lost by evaporation, the
minimum electrospraying rate on the DEP is then
approximately 0.5 mL/min.
The function of the optical fibers is to create two
grooves at both sides of the fibers. The sample solution
can flow through the grooves to the tip of the optical
fibers. According to microscopic observations, as the
high positive voltage is applied, the solution originally
held on the Pt coil tends to move away from the coil.
This phenomenon is attributed to the fact that the high
voltage charges the surface of the solution in the coil,
subsequently forming a repelling force between the
solution and the coil [10]. Increasing the positive volt-
age applied to the Pt coil strengthens the repelling force.
Concurrently, the solution tends to be dragged back to
the coil due to a strong surface tension of the aqueous
solution. At a low voltage, the dragging force is stron-
ger than the repelling (or leaving) one so that the
sample solution remains on the probe. Increasing the
applied voltage strengthens the leaving force and de-
forms the surface of the solution. When the applied
voltage reaches about 3800 V for an aqueous solution
containing 50% methanol, the solution starts moving
toward the ground (the interface plate on the mass
analyzer). The solution leaving the Pt coil then moves
along the grooves between the two optical fibers with
the help of capillary action. As the solution reaches the
tip of the optical fibers, the electrospray is initiated. In
this study, a stable electrospray was obtained if the
optical fibers extended beyond the Pt coil for 4 to 10
mm. The mass spectra presented in this paper were
obtained with 10 mm extension. According to our
observation, a longer extension (.10 mm) increases the
flowing resistance of the sample solution, requiring a
higher voltage to push the solution to the tip of the
fibers. However, discharge occurs when the applied
voltage is higher than 5000 V. If the extension of the
optical fibers beyond the Pt coil is less than 4 mm, the
electrospray would be generated directly from the end
of the Pt coil. In that case, a higher on-set voltage
(.4500 V) was required and the sample droplet prede-
posited on the coil occasionally flew away.
The experimental results also indicated that the
angle of the optical fibers relative to the orifice on the
interface plate did not affect the electrospray. Accord-
ing to Figure 1, the optical fibers are set parallel to the
orifice axis. However, stable electrospray is still ob-
tained when the two optical fibers are rotated 90°
Figure 1. Schematic diagram of direct electrospray probe/mass
spectrometry. (A) Acrylic box; (B) alligator clip; press (A) will
open the clip; (C) Teflon tape; (D) Pt wire; (E) sample solution; (F)
optical fibers; (G) mass spectrometry interface. The electrospray is
depicted on the tip of the fibers. The inset displays a low
magnification photograph of the optical fibers and the Taylor cone
at the tip of the fibers.
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relative to the axis of the orifice. Because two opening
grooves are formed at both sides of the optical fibers,
the sample solution will be carried to the tip of the
optical fibers through both channels. The two flows
merge at the tip of the optical fibers and a stable
electrospray is then generated from the sample solution
accumulated there. The high voltage required for elec-
trospray is conducted through the solution. This phe-
nomenon resembles that of nanospray, microchip elec-
trospray, multiple channel electrospray, and other
designs described elsewhere [9, 12–17]. To ensure high
efficiency in light transmittance, a chemical vapor dep-
osition method is normally used to produce the optical
fiber with homogenous composition. Therefore, when
two optical fibers are bound together, the grooves
created between the fibers would have a smooth sur-
face. We assume that this may be the reason why the
sample solution can flow smoothly and a stable electro-
spray is generated. However, any insulating fiber of
appropriate diameter and smooth surface should also
work well.
The electrospray mass spectra of the proteins and
peptides obtained by using the DEP are exactly the
same as those from a conventional ES source using a
capillary and syringe pump. Figure 2 displays the mass
spectra of insulin, lysozyme (from chicken egg white),
and ubiquitin (from bovine red blood cells) obtained by
DEP/MS. The protein concentration used for analysis
was 1026 M. According to these figures, ions with
multiple charges are obtained. Based on the signal
intensity of lysozyme in Figure 2b, meaningful spectra
of lysozyme should be possible at concentrations lower
than 1026 M. Because a capillary and a syringe pump
are not necessary for DEP, the technique can be applied
to rapidly analyze dirty samples with little sample
pretreatment. Figure 3 shows the DEP mass spectrum of
sildenafil (MH1: m/z 495) present in a commercial
tablet. In this experiment, a small piece of a tablet (;5
mg) was crushed. Two drops of water (;100 mL) were
mixed with the crushed sample to form a slurry and 2
mL of the solution were transferred to the DEP by a
micropipette. Notably, the time for sample pretreat-
ment was less than 2 min because filtration and concen-
tration were not required.
Conclusion
This study has demonstrated that electrospray can be
generated at the tip of two optical fibers bound together
with Teflon tape. The sample solution was predeposited
by a micropipette on the Pt wire coiled on the optical
fibers. The mass spectra obtained by this direct electro-
spray probe are exactly the same as those obtained by
the conventional electrospray source using a capillary
and syringe pump. Although the analysis of a sample
solution using the DEP/MS is relatively fast and easy,
the sample application is still off-line and requires
Figure 2. Positive ES mass spectra of (a) insulin, (b) lysozyme,
and (c) ubiquitin (1026 M in 50% methanol solution containing
0.1% acetic acid). The mass spectra were obtained using DEP/MS.
Figure 3. Positive DEP mass spectrum of sildenafil (MH1: m/z
495) present in a commercial tablet.
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operator intervention. Our laboratory is currently de-
veloping a design capable of automatically applying the
sample solution to the DEP/MS. A contamination prob-
lem from previous samples is found when sequential
analysis is performed. So far, the problem is solved by
sonicating the probe in methanol between the analyses.
However, mass production of disposable devices should
be possible because of the low cost of the optical fiber.
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